1 For the sake of brevity, this sequence of events occurring in the chicken embryo as a result of the several experimental procedures to be described, will be referred to as the "vascular phenomenon. " 2 In 1928 Sherwood (5) used chicken embryo hearts for experiments on anaphylaxis. The change in frequency and regularity of the heart beat was employed as the test. He succeeded in producing a sensitization of the heart by means of passive transfer of chicken antiserum (rabbit antiserum had no effect). 489
Method
The following method (Kaufman (6), Szepsenwol (7)) is used to remove the embryos from the eggshell: Fertilized chicken eggs are kept for 66 to 72 hours in the incubator at about 40-42°C. Then the eggshell is cleaned and washed with alcohol. The eggshell is opened, preferably at the small pole, about a third to a hal/of the shell is carefully removed and the egg poured into a sterile beaker. The beaker is then covered with a sterile watch glass and kept in the incubator at 37-38°C. In the experiments to be cited the sera were added to the chicken embryo drop by drop.
Experiments on Primary Toxicity of Rabbit Type Sera toward the
Chicken Embryo
Effectiveness of Active, Inactivated and Reactivated Normal Sera.--
Normal rabbit type sera lose their ability to produce the vascular phenomenon in the chicken embryo after being heated at 56°C. for 1/~ hour. Hence the first question which arose was whether or not inactivated normal human serum can be reactivated by addition of complement (fresh guinea pig serum). Table I illustrates a typical experiment designed to elucidate this question (Table I) . As is seen, normal human serum inactivated at 56°C. cannot be reactivated in its potency to induce the vascular phenomenon by addition of fresh guinea pig serum.
In order to study the relationship between the destruction of complement and the potency of the phenomenon-producing factor ("factor toxic" to the embryo) in normal rabbit type sera, the following experiment was performed.
Normal human serum was divided into three equal portions. Two of these were placed in a water bath for 20 minutes at a temperature of 49°C. and 51°C. respectively. The complement content of each specimen was then determined as follows:
Decreasing amounts of each of the above heated sera as well as active serum were made up to 0.2 cc. volume with physiological saline. To each of these there was added 0.4 cc. of strongly sensitized sheep cells. The mixtures were placed in the incubator at 37°C. Hemolysis was noted after 30 minutes (Table II) .
As is seen from Table II, the complement of human serum was slightly inactivated at 49°C., but completely destroyed at 51°C. These sera were then tested for their effect on the chicken embryo. For this purpose decreasing amounts of the above sera were made up C., complete hemolysis; M., moderate hemolysis; Tr., trace of hemolysis; 0, no hemolysis. to 1.0 cc. b y the addition of physiological saline and then added to the chicken embryo preparation. The results are given in Table I I I . Table I I I shows that at the end of 2 hours serum heated at 49°C.
was less effective against the chicken embryo than the unheated serum.
At the end of 8 hours, however, it appeared to be just as potent as the unheated serum. On the other hand, serum heated at 51°C. completely lost its effect. Repeated experiments invariably disclosed this parallelism between the complement content of the serum and its ability to produce the vascular phenomenon in the chicken embryo. It has been shown ( Table I ) that the addition of guinea pig serum (complement) to human serum inactivated at 56°C. fails to restore its potency to produce the vascular phenomenon. Since it is known that antibodies of normal serum are relatively thermolabile it seemed of interest to determine whether the addition of complement to serum in- + + + + + + + + + + + + + + + + activated at lower temperature could restore this potency. However, on repeated attempts it was found impossible to reactivate human serum which was inactivated at 51°C. even by addition of large quantities of fresh guinea pig serum (0.1 to 0.5 cc.). Nor was such reactivation accomplished by the use of many variations in the method of experiment; e.g., instead of mixing inactivated serum and guinea pig serum before its addition to the chicken embryo, we added first the inactivated serum and several hours later the guinea pig serum. In this connection it seemed of special interest to study umbilical cord serum inasmuch as this serum is apparently characterized by a poverty of normal antibodies. It was, therefore, surprising to find that two samples of undiluted umbilical cord serum produced a typical vascular phenomenon even though sheep cell hemolysins could not be demonstrated in vitro. The effectiveness of umbilical cord serum which does not contain demonstrable sheep cell hemolysins seems to argue against the identity of the latter with the vascular phenomenonproducing factor. The half diluted umbilical cord serum, however, was without effect. On the other hand, despite demonstrable complement content, such half diluted serum did not reactivate inactivated normal human serum.
The Specific Inhibitory Effect of Guinea Pig Type Sera.--The
vascular phenomenon could be obtained b y means of sera of animals belonging to the rabbit type. Up to now, normal sera of man, rabbit,
Inhibitory Effect of Sera of the Guinea Pig Type on Active Human Serum
Amount of serum Reaction of chicken embryo after 8 hrs.
0 . 5 a c t i v e h u r o n + 0 . 5 physiological saline 0 . 5 " r a t + 0 . 5 " " 0 . 5 " h u m a n + 0 . 5 i n a c t i v a t e d chicken 0 . 5 " " + 0 . 5 " guinea pig 0 . 5 " " + 0 . 5 " h u m a n 0 . 5 " " + 0 . 5 " r a t + + + + + + + + + + + + + + + + rat and pigeon a were found effective, while those of guinea pig, 4 horse and chicken were ineffective. Sera of animals of the guinea pig type contain dissolved Forssman antigen. For this reason, it seemed of interest to determine whether sera of the guinea pig type would alter the potency of rabbit type sera in respect to their ability to produce the vascular phenomenon. In order to determine this, the following experiment was carried out. 0.5 cc. of active human serum was mixed with 0.5 cc. of inactivated serum from chicken, rat, guinea pig and man respectively. These mixtures were left at room temperature for 10 minutes and then added to chicken embryos. The reaction resulting after 8 hours is noted in Table IV. 8 The pigeon has been described as lacking in complement, and for this reason the mechanism of its effectiveness should be investigated further.
, Guinea pig sera are encountered which contain sheep cell hemolysins; it would be interesting to study the effectiveness of such a serum against the chicken embryo.
As is seen from Decreasing amounts of fresh guinea pig serum were made to 0.2 cc. with physiological saline a n d mixed with 1.0 cc. of various dilutions of an inactivated sheep cell antiserum. T h e n the mixtures were added to 3 day old chicken embryos a n d the reaction resulting after 15 hours noted in Table V. As is seen from Table V, relatively large amounts of fresh guinea pig serum (complement) were necessary in order to reactivate inactivated Forssman antiserum against the chicken embryo. Sometimes smaller amounts (0.1 cc.) of fresh guinea pig serum can reactivate it however. The-Forssman antiserum in a dilution up to 1:30 to-gether with 0.2 cc. fresh guinea pig serum is capable of producing the vascular phenomenon; but not every sheep cell antiserum is effective in so high a dilution. Thus, of 9 sheep cell antisera which reacted well in vitro, 4 were ineffective against the chicken embryo even in a dilution of 1 : 10. In higher concentrations (dilution 1 : 2 to 1 : 5) they produced the phenomenon. On the other hand, one sheep cell antiserum was able to induce the vascular phenomenon even in a dilution of 1:200. As a rule antiserum and complement were mixed in a test tube before they were added to the embryo, but there was no difference in the reaction of the embryo after separate addition of both components provided the interval was less than 12 hours. The remarkable difference between Forssman antiserum and normal sera of the rabbit type in that the former can be reactivated in its potency toward the chicken embryo by the addition of complement, suggests the possibility of differentiating in this way between normal antibodies of the blood serum and those produced by immunization or diseases.
It is known that bird serum does not complement amboceptors of mammalian sera. Therefore, it seemed of interest to determine whether or not it would be possible for normal chicken serum to be used as complement in the reactivation of inactivated Forssman antisera in their effect on the chicken embryo. For this purpose the following experiment was set up.
Decreasing amounts of chicken serum and guinea pig serum respectively were made up to 0.3 cc. with physiological saline and each mixed with 1.2 cc. of an inactivated sheep cell antiserum in a dilution of 1:10. The mixtures were then added to 3 day old chicken embryos. The results are given in Table VI . Table VI shows that chicken serum does not restore the inactivated Forssman antiserum to phenomenon-producing potency. Thus, chicken serum does not function as complement in this preparation. To 0.6 cc. of an equal mixture of sheep cell antiserum, fresh guinea pig serum and saline respectively were added (a) 0.5 cc. chicken serum, and (b) 0.5 cc. saline. These mixtures were left at room temperature for 10 minutes and then dropped on 3 day old chicken embryos. The reaction resulting after 3 and 12 hours respectively is noted in Table VII. As is seen from Table V I I chicken serum prevents a reactivated Forssman antiserum from producing the vascular phenomenon.
The Specific Inhibitory Influence of Guinea Pig Type Sera on

DISCUSSION
One of the characteristic qualities of the Forssman antigen is its widespread presence in the living world. It is found on the one hand in animals which have no zoological relationship at all, guinea pig, horse, dog, cat, chicken (animals of the so called guinea pig type). On the other hand, closely related animals may differ in their content of Forssman antigen. Serum of such animals whose organs lack Forssman antigen contains antibodies against this antigen: rabbit, man, cow, duck, hog (animals of the so called rabbit type). In this characteristic the distribution resembles that of the blood group properties of man. In the serum there are always present antibodies against such group qualities as are absent in the individual himself.
The vascular phenomenon of the chicken embryo is produced by Forssman antiserum and by normal sera of the rabbit type. Sera of the guinea pig type are ineffective. Normal rabbit type sera lose their effectiveness after being heated at 51°C. The disappearance of the vascular phenomenon-producing potency parallels the loss of complement. Up to now, it has not been possible to reactivate heatinactivated normal serum by the addition of complement, in contrast to Forssman antisera which can be easily reactivated by the addition of fresh guinea pig serum. This difference between normal and immune serum discloses a similarity to those antibody functions which play an important r61e in phagocytosis.
The vascular phenomenon as such is to be considered as a sequela of the reaction between the Forssman antigen of the chicken embryo on the one hand and the corresponding antibodies of the added serum on the other. This statement is supported by the following facts.
1. The vascular phenomenon of the chicken embryo is produced only by sera containing Forssman antibodies.
2. Duck embryos, which lack Forssman antigen, do not give the vascular phenomenon.
3. Forssman antisera lose their effectiveness toward the chicken embryo after being absorbed with sheep cells. However, attempts to fix the phenomenon-producing factors of normal sera by absorption with sheep cells, have as yet been inconclusive.
4. Guinea pig type sera containing dissolved Forssman antigen inhibit normal rabbit type sera as well as Forssman antisera in their effectiveness toward the chicken embryo.
These findings parallel the so called inverted anaphylactic shock of guinea pigs, which is characterized by the fact that the antibodies of the serum are the actuating factor, while the antigen is present in the cells and tissues of the reacting organism itself. 5 The significance of complement for anaphylactic reactions has been discussed for many years. Dale's (8) demonstration of anaphylactic reactions on the isolated uterus suggests that complement is unnecessary for anaphylaxis. Hyde (9) , however, failed to induce the inverted anaphylactic shock in guinea pigs which did not possess complement in their blood. On the other hand, Doerr and Pick (10) were able to produce a typical anaphylactic shock in the adult chicken by the intravenous injection of an inactivated Forssman antiserum without addition of complement, an observation which we can confirm. However, for the production of the vascular phenomenon with the chicken embryo, complement is absolutely necessary, as has been shown above. The necessity of adding complement to inactivated Forssman antiserum suggests that either the embryo itself does not contain sufficient complement or that its complement will not function with mammalian antibodies.
It is to be borne in mind that the Forssman antigen is not a uniform substance, but consists of various components with different corresponding antibodies. This fact may perhaps help to explain the observation that Forssman antisera are encountered with sheep cell hemolysin titer 1000 times higher than that of a normal human serum, yet with a potency to produce the vascular phenomenon that may be almost the same as that of the normal serum. In this connection it may be mentioned that umbilical cord serum produced the vascular phenomenon in the chicken embryo, in spite of the fact that demonstrable sheep cell antibodies were not present. As yet it is impossible to state whether the difference between the Forssman antibodies of the agglutinin and hemolysin type and those responsible for the production of the vascular phenomenon are due to differences in the titer of partial antibodies or to qualitatively different antibody functions.
S~R Y
I. The 3 day old chicken embryo removed from its shell is a suitable test object for the demonstration of primary serum toxicity. Addition of normal rabbit type sera as well as Forssman antiserum causes t h e vascular network to contract and the embryo sinks in the yolk and dies.
2. Only sera of animals of the so called rabbit type produce this phenomenon: Sera of the guinea pig type are ineffective.
3. Heating to 51°C. destroys the complement content of normal human serum as also its effectiveness to produce the vascular phenomenon.
4. Up to the present it has not been possible to reactivate heatinactivated normal serum by the addition of complement, while inactivated Forssman antiserum can be easily reactivated.
5. The vascular phenomenon of the chicken embryo is produced not only by the addition of a mixture of Forssman antiserum and complement but also by separate addition of both components.
6. Guinea pig type sera, containing dissolved Forssman antigen, are not only ineffective but actually exert an inhibitory influence on effective rabbit type sera as well as on Forssman antiserum.
